
of bands because other cells may be 
more important in forming the anti- 

body proteins. 
In this connection differences in the 

protein of -yG-antibody formed for two 
different haptens by a single rabbit 
have been reported (14). Also, Sela 
and Mozes (15) showed that the na- 
ture of the carrier protein of the anti- 

gen affects the protein type of yG- 
antibody formed against a single 
hapten. The differences could be due 
to the production of antibody by dif- 
ferent cells. 

The differences in gel patterns of H- 
chains from antibody of the same spec- 
ificity but from different rabbits could 
be due to a variation in the relative 
distribution of these different anti- 
body-producing cell types in individual 
rabbits. 
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of lead-210. 

Because of the correlation between 
the smoking of cigarettes and the pres- 
ence of somatic effects, such as carci- 
noma of the lung, many studies have 
been made of the carcinogens present 
in the smoke. The presence in tobacco 
of the alpha-emitting and volatile radio- 
nuclide 210Po has lead to several studies 
correlating the distribution and concen- 
trations of this nuclide in the human 

body with cigarette smoking. Thus 
Radford 'and Hunt (1) reported that 
in the bronchial epithelium of a heavy 
smoker the activities were such as to 

produce radiation levels of 165 rem 
over 25 years. On the other hand, Hill 
(2) and Rajewsky and Stahlhofen (3) 
estimated the doses to be less than 1 
and 0.15 rem/year, respectively. Hill 
(2) and Ferri and Baratta (4) also 
showed the 2l0po concentrations in 
these and other tissues to be higher in 
smokers than in nonsmokers. 

However, because of the relatively 
short half-life of this nuclide (138 
days), its precursor, the lead-210 with 
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a 21.4-year half-life, is also of interest. 
This nuclide decays by a weak beta- 
emission to the 5.0-day 210Bi, which 
in turn decays by 1.1-Mev beta-emis- 
sion to 210Po. The data we present 
demonstrate that, in skeletal tissues, 
not only are the concentrations of 
210Po greater in smokers than in non- 
smokers, but in both skeletal and lung 
tissues of smokers the concentrations of 
21?Pb are also greater. Moreover, in 
bone the 210po is in radioactive equilib- 
rium with the 21?Pb. 

Lead-210 is also shown to be pres- 
ent in the smoke, an association not 

unexpected since stable lead is known 
to occur in smoke (5) and Nusbaum 
et al. (6) have shown correlation be- 
tween concentrations of lead in bone 
and cigarette smoking. 

Our measurements were made on 
rib bones and alveolar lung tissue taken 
at autopsy (or surgery) from subjects 
of known smoking habits. Individuals 
smoking more than ten cigarettes daily 
were classed as smokers, but in our 
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group only one member consumed less 
than 20. 

Activities were determined by wet- 
ashing the materials in nitric and per- 
chloric acids, converting the solutions 
to 0.5N hydrochloric acid, and plating 
the 210Po upon a silver disk. The 
amount of polonium was determined by 
counting the disk in a gas-flow internal 
alpha counter (7). 

This measurement, along with a re- 
plating of the 210po grown-in for sev- 
eral months from the 210Pb in the orig- 
inal solution, and application of the 
radioactive parent-daughter relation of 
the Bateman equations, enabled deter- 
mination of the activity of each of 
these nuclides at the time of autopsy 
or surgery. The average errors at ithe 
90-percent confidence level, based on 
counting statistics, were about 15 per- 
cent for 210Pb and about 20 percent 
for 210Po. 

Concentrations of 210Pb and 210Po 
in bone are presented in Table 1 along 
with sexes and ages. The groups are 
matched by age but not by sex; this 
mismatch should be examined further, 
since, as noted earlier (7, 8), the skel- 
etal 210Pb content of women appears 
to be lower than that of men. Within 
this particular small group of nonsmok- 
ers no statistically significant difference 
exists. 

The mean concentrations of both nu- 
clides in smokers, 0.285 pc 210Pb and 
0.250 pc 210Po per gram of ash, are 
more than double those in nonsmokers: 
0.135 pc 210Pb and 0.090 pc 210po. 

Student's t-test shows the mean values 
in the smokers to be significantly high- 
er than in the nonsmokers (P < .005). 

In smokers the 210Po is nearly in 
radioactive equilibrium with its parent 
(210po : 210Pb, 0.87 ? .10); that the 

two are closely related is shown by 
the correlation coefficient of 0.83 (P < 
.005). In nonsmokers a ratio of 0.62 ? 

.14 exists, suggesting a deficiency in 
content of the daughter; the t-test, 
however, shows the two means to be 
not quite significantly different (P < 
.10); the correlation coefficient of 0.61 
is also low. 

The previously reported (7) concen- 
tration of 210Pb in trabecular bone 
(mainly rib and vertebra), 0.184 ? 

0.018 (S.E.) pc per gram of ash, is 
significantly lower than that in smokers 
(P < .005) and probably significantly 
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Table 1. Concentrations of 21Pb and 210Po 
in rib bones of cigarette smokers and non- 
smokers. 210Po-210Pb correlation coefficients: 
nonsmokers, 0.61; smokers, 0.83. 

Concentrations 
Subject in ash (pc/g) 210po : 210Pb 

(age, sex) 
210pb 210po 

Nonsmokers 
56, F 0.071 0.021 0.30 
57, M .111 .030 .27 
50, M .117 .109 .93 
47, M .166 .074 .45 
76, F .171 .180 1.05 
61, F .172 .124 0.72 

Mean ? S.E. 
58 ? 4 0.135 ? .016 0.090 ? .025 0.62 ? .14 

Smokers 
76, M 0.178 0.156 0.88 
72, M .187 .199 1.06 
48, M .227 .123 0.54 
51, M .233 .181 .78 
60, M .233 .138 .59 
58, M .252 .236 .94 
55, M .283 .383 1.35 
53, F .289 .245 0.85 
52, M .303 .238 .78 
53, M .336 .275 .82 
49, M .341 .067 .20 
48, M .352 .601 1.71 
54, M .502 .417 0.83 

Mean ? S.E. 
56 ? 2 0.285 ? .025 0.250 ? .040 0.87 ? .10 

The much-more-limited data from 
lung tissue appear in Table 2. At 5.9 

pc/kg, 210Pb in heavy smokers is about 
4 times that in nonsmokers. (In these 
instances 210po was not determined be- 
cause more than a year elapsed between 
autopsy and analysis.) It is of interest 
that subject 22 had a level about twice 
that of other smokers; this finding may 
reflect the fact that he had smoked to 
the day he died, whereas the others, by 
desisting about a year before death, had 
enabled some clearance of the 21?0Pb. 

The correlaitions between cigarette 
smoking and the concentrations of 
nuclides in the lungs and skeletons of 
these subjects indicate that smoke is a 
significant source of intake of these 
nuclides. However, if we assume that 
our measurements represent the whole 
body, the known levels of 210po in 
smoke (1, 2, 9) cannot account for 

Table 2. Concentrations of 210Pb in alveolar 
lung tissue of cigarette smokers and non- 
smokers. 

Subject 210Pb 

Age Sex (pc/kg) 

Nonsmokers 
53 F 2.4 
49 M 0.6 

Smokers 
50 M 10.0 
64 M 4.3 
53 F 4.3 
56 M 5.7 
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the higher skeletal concentrations of 
this nuclide in smokers. If we assume 
the validity of the exponential model 
for nuclide metabolism described in the 
I.C.R.P. repor.t (10), in which reten- 
tion in the body of the 210po from 
smoke is 40 percent, the effective bio- 
logic half-life is 25 days (10), and the 
intake of 210po is 0.036 pc per cigarette 
or 0.720 pc per pack [estimated from 
Kelley's data (9), which appear to best 
reflect 'acquisition by smokers], then a 
one-pack-per-day smoker accumulates 
at equilibrium only about 10 pc of 
total-body 210po from cigarettes-only 
a small fraction of the 600 pc (approxi- 
mately) in an average man (11); even 
100-percent retention of the 2t10o in the 
smoke from the daily smoking of one 
pack of cigarettes would lead to a 
maximum body content of 140 pc. 

On the other hand, measurements on 
five sets of cigarettes smoked by the 
method of Kelley, 2 cigarettes per 
sample, show (Table 3) that the 210Pb 
activity averages about two-thirds that 
of the 21?po in the smoke. (Differences 
between the iamounts of 210po found 
by us and by others probably reflect 
small differences in procedure; a more 
complete report is in preparation.) 
Thus, if we use two-thirds of Kelley's 
210Po activity as a minimum for 210Pb 

activity [his values appear to be some- 
what lower than most others (1, 2, 4)], 
with an estimated biologically effective 
half-life of 1600 days (12) for 21lPb, 
and conditions of intake similar to 
those of 210po, a one-pack-per-day 
smoker (at equilibrium) accumulates 
430 pc (estimated) of 21?Pb more 
than does a nonsmoker. This argument 
is analogous to an earlier statement (11) 
that, although concentration of 20?Po 
in tissue is important because it pro- 
duces the actual dose, very little is 
acquired directly from food, water, and 
air-an amount about equal to our 
estimate from cigarettes. Its precursor, 
210Pb, is usually the primary nuclide 
available to and stored by the body (11). 

If the rib is considered to represent 
the skeleton, the radiation dose to the 
skeleton of a nonsmoker from the 
21Bi-21 ?Po series, in radioactive equi- 
librium with 0.135 pc of 210Pb per 
gram of bone ash, is about 50 mrem/ 
year-of a total skeletal dose rate of 
about 185 mrem/year. In this calcula- 
tion it was assumed that the relative 
biologic effectiveness for alpha particles 
is 10, that the dose is homogeneously 
distributed, and that the doses contrib- 
uted by the various sources are: 226Ra- 
228Ra series, 15 mrem/year; 40K and 

Table 3. 210Po and 20Pb (per cigarette) in 
five samples of cigarette smoke. Average ratio 
? S.D., .66 ? .23. 

21opo 
(pc) 

0.023 
.027 
.016 
.018 
.020 

210pb 
(pc) 

0.017 
.018 
.015 
.006 
.013 

210pb : 20Po 

.76 

.66 

.94 

.31 

.65 

14C, 20 mrem/year; and external 
sources, 100 mrem/year (13). Thus, 
doubling the dose from the 210Pb-decay 
chain would increase the skeletal dose 
by as much as 30 percent; on the other 
hand, if the effective dose is that de- 
livered to the 10-,u layer of surface 
cells of the bone, the increase in effec- 
tive dose from smoke would be only 
about 8 percent. 

Our data demonstrate that, when one 
assesses the origins of these two nu- 
clides in the human body, serious con- 
sideration should be given to the smok- 
ing habits of the populations concerned. 
This consideration is particularly im- 
portant in epidemiological studies of 
low-level radiation, since the 210Pb 
series contributes a substantial fraction 
of the skeletal dose resulting from in- 
ternal emitters, if not of the total skele- 
tal dose. Conversely, because of the 
tangible contribution of cigarette smok- 
ing to the skeletal dose, the incidence 
in smokers of diseases attributable to 
radiation (such as osteosarcoma and 
leukemia) deserves more than passing 
interest. 
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